The mutagenic/carcinogenic activities of DEHP and MEHP were studied in bacteria and mammalian cells. MEHP but not DEHP exerted a dose-dependent DNA damaging effect to B. subtilis in Rec-assay. DEHP and MEHP showed mutagenic activities to S. typhimurium TA-100, with and without S-9 mix, respectively. MEHP produced not only the mutation in E. coli WP2 B/r but also sister chromatid exchanges (SCE) in Chinese hamster V79 cells. It also induced 8AG/6TG-resistant gene mutations and chromosomal aberrations in the V79 cells.
Introduction
The mutagenic activity of di(2-ethylhexyl) phthalate, (DEHP) was first reported in dominant lethal experiments of mice by Singh et al. in 1974 (1) . Since then, several reports concerning the genotoxicity of DEHP on microorganisms and mammalian cells have appeared, though most of the studies failed to demonstrate its genotoxic activities (2) (3) (4) . We have previously presented some evidence that mono (2-ethylhexyl) phthalate (MEHP), a major metabolic intermediate of DEHP in mammals, induced not only embryo/fetotoxic effects on mice but also DNA damaging/mputagenic activity to Bacillus subtilis (Rec-assay), Salmonella typhimurium TA 100 (reversion plate assay) and Escherichia coli WP2 B/r try-(spot test) (5, 6) .
The present investigation was undertaken to determine whether DEHP and MEHP are mutagenic/ carcinogenic in animal cells. The mutagenic/carcinogenic effects of DEHP were examined by using V79 Chinese hamster cells in vitro and also by using the embryonic cells of the Syrian golden hamster which were exposed to DEHP transplacentally. This is the summary of mutagenic/carcinogenic activities of DEHP and MEHP on microorganisms and on hamster cells.
Experimental Materials
All chemicals, biochemicals and medium constituents were purchased from Wako Pure Chemicals (Tokyo), Tokyo Kasei Chemicals (Tokyo), Sigma Chemical Co. (St. Louis, Mo.), Difco Lab. (Detroit, Mich), or Gibco (Grand Island, N.Y.). All chemicals and biochemicals were of analytical grade. MEHP was synthesized according to the method of Kenyon (7) and was more than 99% pure as determined by ECD-GLC analysis. Plastic dishes and flasks for tissue culture were obtained from Falcon Plastic (Oxnard, Calif.).
Assay with bacteria
All chemicals were dissolved in dimethyl sulfoxide (DMSO) for testing. (8) . The Ames test was conducted by the preincubation method (9) .
The procedure for the quantitative mutagenicity test was as follows. The bacterial cell suspensions (4 x 109 cells/ml for E. coli B/r WP2 and 1 x 109 cells/ml for S. typhimurium TA 100) in Dulbecco's phosphate buffered saline were incubated with the MEHP solution for 20 min. After the incubation, the number of revertant colonies was counted. The cytotoxicity was determined by ordinary methods.
Assay with V79 Chinese hamster cells
Mitomycin C (MMC) and ethyl methanesulfonate (EMS) were dissolved in culture medium directly and added to the cells within 30 min. In these cytogenetic studies, the general experimental methods of Ishidate (3), Kuroki (10) and Perry (11) were used.
Assay with Syrian golden hamster
The experimental scheme for in vivo/in vitro combination assay of the mutation induced by the administration of DEHP/MEHP is as depicted in Figure 1 . The application of DEHP and MEHP to Syrian golden hamster, the preparation of primary culture and chromosome, the selection of the mutants and the assay of morphological transformation were all conducted according to the procedure described by Inui (12) . Figure 1 Figure 3 shows the microscopic appearance of the cells of morphologically transformed colonies. Figure 3a shows normal colonies; Figures 3b and 3c represent typical transformed colonies of Type II and Type III, respectively, induced by DEHP treatment. Figure 3d , which is an enlargement of Figure 3c , shows a criss-cross and dense piling up in the center of the cells. 123 
Results

Discussion
The results of our present investigation suggest that DEHP itself is not a mutagen but becomes a mutagen of base pair substitution type after it is hydrolyzed into MEHP. The mutagenic activity of MEHP which was observed in both Rec-assay and reversion plate assay were increased in a doserelated manner. It must be noted, however, that the demonstration of the mutagenicity of MEHP can only be possible within a high and narrow range of its concentration because MEHP has a sterilizing effect at high concentrations and shows no mutagenic activity at low concentrations. Moreover, the activity of MEHP can be completely destroyed by incubating Table 3 , SCEs in Chinese hamster V79 cells were induced by MEHP, even at the level of 25 ,ug/ml in the 24 hr incubation study. As the induction of SCE is believed to be a sensitive reflection of the toxicities related to DNA repair (14) , it is conceivable that MEHP is the substance having the DNA-damaging effect in Rec-assay and induces SCEs. It was also demonstrated that MEHP induced 8AG-or 6TG-resistant gene mutations and chromosomal aberrations in Chinese hamster V79 cells in vitro, though the details of the results are not included in this paper. The effects of DEHP on V79 Chinese hamster cells have not been studied in our laboratory, but negative results will probably be observed unless the conditions are so chosen as to yield enough MEHP during the incubation.
As for the genotoxic effects of DEHP on the embryonic cells of Syrian golden hamster, it will be reasonable to assume that the effects will be due to MEHP formed in vivo in the hamster. In fact, 3.9 ,ug of MEHP/g of fetuses was formed when 10 ml of DEHP/kg was administered orally to gravid Syrian golden hamster at [11] [12] days of gestation (our unpublished results). Among several effects ofDEHP and MEHP on the embryonic cells of Syrian golden hamster, the positive results on the morphological transformation should be carefully considered, since the cell transformation is closely correlated with carcinogenicity (13). The results of our studies on DEHP and MEHP mutagenesis/carcinogenesis are summarized in Table 6 .
